Inherited bleeding disorders have the potential to cause bleeding complications during pregnancy, childbirth and the postpartum period as well as effect fetal outcomes. There is an evolving understanding of the need for specialised and individualised care for affected women during these times. The aim for each patient is to estimate the risk to mother, fetus and neonate; to implement measures to minimise these risks; and to anticipate complications and develop contingencies for these scenarios. This includes accurate diagnosis, preconceptual care, prenatal diagnostic options, antenatal care, delivery and postpartum care as well as care of an affected neonate. An understanding of the physiologic haemostatic changes associated with pregnancy as well as the scope of defects, inheritance and management of inherited bleeding disorders is paramount when caring for these women. Collaborative and prospective management in conjunction with haematology services underpins the approach advocated. This review draws on the available literature, and outlines the principles of care for women with inherited bleeding disorders before, during and after pregnancy, as well as their babies, based on both available data and collective clinical experience.
Introduction
Women with inherited bleeding disorders (InBD) are at risk of bleeding complications during pregnancy, childbirth and during the postpartum period. In early pregnancy, they may also be at increased risk of miscarriage. 1 InBD are characterised by the total or partial deficiency of plasma proteins involved in haemostasis and are caused by various inherited genetic defects. Maternal bleeding may affect the mother and/or fetus, and the offspring may inherit the bleeding disorder and suffer bleeding complications. Haemophilia A and B together with von Willebrands disease (vWD) account for 95-97% of all cases, with the remaining 3-5% representing rare bleeding disorders (RBDs) which include inherited deficiencies of fibrinogen, factors II, V, V þ VIII, VII, X, XI and XIII (Table 1 ). 2 Inherited disorders of platelet function are a separate clinical entity and may also pose a bleeding risk to women in pregnancy. These include disorders of platelet adhesion, aggregation, secretion and pro-coagulant activity. 3 These diseases are not dealt with in this review.
Multidisciplinary care models have evolved with growing recognition that women with InBD require specialised and individualised care. To optimise outcomes prenatally, at delivery and in the neonate, these multidisciplinary teams need to include obstetricians, geneticists, anaesthetists, neonatologists, paediatricians, haematologists and midwives. Worldwide, there is variable access to such services and resources, which needs to be addressed to optimise the care of all women with InBD.
In this article, we review the literature and outline the principles of care for women with InBD before, during and after pregnancy, and their babies, based on both available data and collective clinical experience ( Figure 1 ).
Haemostatic changes in pregnancy
During pregnancy a number of physiological changes in haemostasis occur which alters the haemostatic balance towards a more pro-coagulant state. 1 In InBD, these changes are variable and unpredictable and may lead to a temporary correction of the haemostatic defect. 2 Those with homozygote or severe deficiencies tend to have persistent haemostatic abnormalities. 2 Table 2 outlines the main changes in haemostatic factors during pregnancy. Most factor levels will return to the patient's baseline within days to weeks of delivery. 4 The increase in factor VIII generally peaks between 29 and 35 weeks of pregnancy, and in most haemophilia A carriers levels will increase to the normal range. 4 Haemophilia B carriers rarely experience a clinically significant rise in factor levels. In women with type 1 vWD (quantitative defect), increased vWF antigen and activity levels together with increased factor VIII improves haemostasis in the third trimester. However, the rise is unpredictable. 4 Patients with severe type 1 vWD, type 2 vWD and type 3 vWD usually show no improvement in their haemostatic defect. 2 In type 2B vWD, thrombocytopenia may develop or be exacerbated by pregnancy due to increased production of abnormal intermediate vWF multimers, which bind to platelets and cause spontaneous platelet aggregation. 2 Regardless of fluctuating factor levels in pregnant women with InBD, the hereditary risk to the fetus remains. 4
Diagnosis and preconceptual care
In many cases, bleeding disorders are diagnosed prior to pregnancy, frequently with presentation at menarche with menorrhagia. Clinical features of a possible underlying bleeding disorder are outlined in Table 3 . 5 In women who have a known InBD, preconception counselling is important to assess the risk to the mother and the offspring, and to discuss management options, especially in haemophilia carriers and women with a family history of severe InBD. Counselling through a multidisciplinary team consisting of experienced obstetricians, haematologists and clinical geneticists aims to provide the best available information to explain the risk of bleeding, genetic implications of the disorders, suitable reproductive options for affected couples, methods of prenatal testing, antenatal management of mother and affected offspring, limitations of investigations and potential complications. 6 Other considerations include optimisation of iron status, screening for red cell antibodies, routine antenatal screening and folic acid supplementation. 2
Prenatal diagnosis to determine fetal genotype
Current methods of prenatal diagnosis of InBD include both noninvasive and invasive techniques, employed according to the availability of services, maternal choice, the severity of the bleeding disorder and whether a mutation has been identified. Prenatal diagnosis is an integral part of the care of pregnant women with InBD and is of greatest importance in haemophilia because of the severity of the disorder in male offspring in an asymptomatic mother. Prenatal diagnosis requires the exact genetic mutation to be identified in the mother or suitable markers for linkage analysis. Prenatal diagnosis aims to provide a rapid and accurate diagnosis for any fetus potentially carrying an InBD in order to estimate risk, guide obstetric management and, in some cases, to have the option of termination. 7 Termination is a vexed decision influenced by ethical and cultural issues, disease severity and personal and family experience with the disorder. 7 Recent improvements in the management and prognosis of some InBD, such as haemophilia, have changed perceptions regarding quality of life. Non-invasive testing may be used to confirm fetal gender prior to the use of invasive techniques in X-linked InBD to avoid additional testing if the fetus is a female. Free fetal DNA (ffDNA) techniques are increasingly being used for diagnostic purposes in early pregnancy using blood collected from maternal circulation. 8 Despite technological progress, ffDNA techniques are not yet sufficient to diagnose haemophilia in the male fetus as the maternally inherited fetal allele is not able to be distinguished from the carrier maternal DNA. A recent study identifying mutant and wild-type alleles ffDNA in pregnant carriers of severe haemophilia with a male fetus as early as 11 weeks' gestation has demonstrated promising results using advances in quantitative PCR technology and relative mutation dosage techniques in the common genetic mutations. 7, 9 Imaging with prenatal ultrasound to identify gender is available and accurate from 11 to 15 weeks' gestation. 2 Invasive prenatal genetic testing on fetal tissue acquired by chorionic villus sampling (CVS) or amniocentesis allows a definitive diagnosis but carry a 1% procedure-related fetal loss risk. 2 Third-trimester amniocentesis has recently been suggested as an option for haemophilia carriers with a male fetus to help manage delivery and circumvent the potential risks of performing the procedure earlier in pregnancy. [10] [11] [12] [13] There is no published data available to support the safety and effectiveness of third-trimester amniocentesis in pregnancies in women with other InBD.
Cordocentesis is more rarely carried out to obtain ultrasoundguided fetal blood samples from the umbilical cord at 18-20 weeks. This technique may be used to assess fetal clotting and factor levels particularly in cases without an identified causative mutation. Procedure-related fetal loss is reported at 1-2%, 2 which may be higher if the fetus is affected by InBD. 7 Its utility is uncertain because results for fetal coagulation parameters are difficult to interpret due to poorly defined reference ranges and the potential for maternal contamination. 6, 7 Prior to invasive prenatal testing, the mother's coagulation studies should be checked to arrange prophylactic treatment if required. Invasive testing may cause fetomaternal haemorrhage and anti-D immunoglobulin should be given to Rhesus D-negative mothers. 7 A further reproduction option for families with severe InBD is preimplantation genetic diagnosis in which blastocysts are tested for the presence of the specific mutation, allowing unaffected or carrier embryos to be implanted, thus avoiding the need for prenatal testing and selective termination of pregnancy. It involves in vitro fertilisation, is expensive, technically challenging, labour intensive although becoming more readily available. 6 
Antenatal care
Women with InBD should be managed by a multidisciplinary team. The aim for each patient is to estimate the risk to mother, fetus and neonate; to implement measures to minimise these risks; and to anticipate complications and develop contingencies for these scenarios.
During the antenatal period the relevant factor levels should be assessed at presentation to antenatal care, prior to planned invasive procedures and repeated during the third trimester (usually between 32 and 34 weeks) to determine prophylaxis for invasive procedures and treatment of bleeding.
Women with severe factor XIII deficiency, fibrinogen deficiency or functional fibrinogen deficiency require routine prophylactic factor replacement therapy throughout pregnancy. 14, 15 Factor XIII deficiency is associated with spontaneous recurrent miscarriage due to its role in pregnancy maintenance and more specifically, the development of the cytotrophoblastic shell. 16 In the absence of prophylactic replacement therapy, a recent systematic review of the literature documents a 91% miscarriage rate in 136 pregnancies. 17 Dysfibrinoogenemia is associated with significant obstetric complications including first-trimester pregnancy loss, haemorrhage, thrombosis and placental abruption. 18 Women with fibrinogen abnormalities should be monitored for thrombotic complications, balanced against haemorrhagic risk. The role of fibrinogen in pregnancy maintenance is well established with fibrinogen knockout mice in which gestation cannot be continued to term. 19 Fibrinogen replacement is required throughout pregnancy often weekly though should be individualised to the patient's needs.
In the third trimester, ensure women are iron, B12 and folate replete. If levels are suboptimal in the third trimester, then replacement should be arranged to optimise haemostsis and ensure reserves are replete in the event of significant haemorrhage. 4 Synthetic clotting factor or blood product replacement is chosen according to the specific InBD and product availability (Tables 1 and 4 ). Doses should be calculated by an experienced haematologist, aiming to normalise factor levels and functional assays. 4 In the event of antenatal bleeding, obstetric assessment should be rapidly expedited to assess the cause and appropriate management. Consult the haematologist early to discuss haemostatic treatment.
Antenatal complications
There is a paucity of literature to estimate the risk of bleeding and miscarriage during the first trimester for women with most bleeding disorders. 1 Factor XIII and fibrinogen abnormalities increase miscarriage risk due to their role in placental implantation. 20 In a review of 172 pregnancies in carriers of haemophilia A and B, miscarriage rates of 31% and 17%, respectively, were reported. 11 General obstetric literature quotes rates of miscarriage between 8 and 20% in women prior to 20 weeks' gestation. 21 In vWD, the overall rates of miscarriage in two series were 22% 22 and 21% 23 with the later study suggesting a higher rate of early pregnancy bleeding compared to the general population. Reporting bias in women with a known InBD should be considered when evaluating these results. 23 Antepartum haemorrhage (APH) data in women with InBD is conflicting. Factor XIII and fibrinogen deficiencies are associated with placental abruption and hence increased fetal loss or premature delivery. 24, 25 In other bleeding disorders, the associations are not clear. 1, 51 A study based on discharge coding from the United States Nationwide Inpatient Sample found that women with vWD are 10 times more likely to be admitted to hospital with APH 26 but without increased risk of placental abruption, premature labour, fetal growth restriction or intrauterine fetal loss. There may be a lower threshold for admitting a woman with an InBD for observation which may not correlate with pregnancy morbidity. 1
Delivery
The mode of delivery should be planned on obstetric indications. These should be discussed, whether spontaneous or induced vaginal delivery or caesarean section, and a written plan should be provided to all clinicians and the mother including details of factor replacement. Importantly, there should be contingencies for possible complications, including bleeding during or after delivery and preterm labour. 6 Recent literature demonstrates that caesarean section does not eliminate the risk of intracranial haemorrhage in neonates with haemophilia and may in fact increase bleeding risks in the carrier mother. 7, 8, 27 This suggests spontaneous vaginal delivery is the preferred option in countries with well-developed healthcare, 7, 15, [28] [29] [30] [31] and in developing countries albeit higher absolute risk. 30 Other studies, however, have demonstrated a reduced rate of intracranial haemorrhage by up to 85% in haemophiliac neonates delivered by caesarean section, and this risk is almost eliminated if elective delivery is performed prior to the onset of labour. 32 The literature does suggest that bleeding complications for the mother are increased in caesarean deliveries. 33 In all pregnancies, vacuum extraction and use of forceps during labour have all been associated with an increased rate of subdural or cerebral haemorrhage in Towner et al. 34 There is clear evidence against the use of ventouse vacuum extraction and the use of high forceps delivery in women with InBD carrying potentially affected neonates. 35 Similarly, fetal scalp electrodes and blood sampling should be avoided with a low threshold to convert to caesarean section if indicated to avoid prolonged vaginal labour. 1, 8 Best practice is therefore determined on an individual basisweighing maternal and fetal risks and benefits. Deliveries should be consultant-led, and delivery at a tertiary referral centre is not necessary unless the patient is has a severe InBD or is known to be carrying an affected offspring, 4, 7, 36 provided adequate expertise and a management plan is available. Specialist units have the advantage of on-site, rapid laboratory testing and readily available factor replacement therapy for these women and neonates. Patients who live a distance from appropriate care may be considered for induction of labour; however, spontaneous labour is preferred due to the increased risk of prolonged labour and instrumental deliveries in induced labour .However, these risks have not been corroborated in all recent literature. 37 At the onset of labour, intravenous access should be secured with maternal sampling for full blood count and group and hold. 7 Factor levels are not practically measured in the acute setting. 8 If a woman requires factor replacement, this should be given as close to delivery as possible. 4 
Anaesthesia
There are no specific guidelines available to advise clinicians about the choice of anaesthesia in pregnant women with InBD. Inhalation analgesia and most non-pharmacological measures of pain relief are suitable. Intramuscular opioids may be contraindicated in women because of haematoma risk at the injection site. 2 There is a potential risk of epidural or spinal haematoma with insertion and removal of catheters used for regional blocks. 8, 38 With adequate correction of the haemostatic abnormality, it is safe to offer women regional blockade in close consultation with haematology and anaesthetic services. 4, 39 Such procedures should be performed by an experienced anaesthetist with regular assessment of neurological function. The lowest concentration of local anaesthetic should be used to achieve adequate analgesia while preserving motor function. 6 These women require factor levels to be maintained in the normal range for 12 h (mild bleeding disorder) to 24 h (moderate-to-severe bleeding disorder) after catheter removal. 4 Factor replacement and haemostatic agents for prevention and management of bleeding (Tables 1 and 4 
)
Factor replacement is tailored to the individual defect and arranged by the haematologist with the blood service. Recombinant factor is preferred, because of its superior safety profile but is expensive and not available in all disorders and healthcare settings.
Tranexamic acid has been demonstrated as safe and effective in the management of antenatal bleeding in obstetric patients. 40 Prolonged use of tranexamic acid in pregnancy is not recommended as the 
Biostate
Purified human coagulation factor VIII and vWF. Lyophilised powder prepared from blood donors in packs for reconstitution and intravenous use.
Von Willebrand Disease and Haemophilia A.
Control and prevention of bleeding (see Table 1 for indications).
Prothrombinex
Coagulation factor concentrate containing factors II, IX, and X and a small amount of factor VII. inhibition of fibrinolysis may increase thrombosis. It is contraindicated in women with a history of thromboembolism. 40 It may be used safely in lactation because excretion in breast milk is low. The standard adult dose is 1 g orally six hourly. Desmopressin (DDAVP) increases vWF and factor VIII plasma concentrations and has been used in pregnant women with haemophilia A and type 1 vWD, despite carrying a category B2 safety warning for use in pregnancy in Australia. 7, 41, 42 In haemophilia A, response correlates with patient age, baseline factor levels and genotype. 43 It is ineffective in type 3 vWD and contraindicated in type 2B vWD. 44 Important side effects include uterine contraction, premature labour and hyponatraemia. 45 Both DDAVP and tranexamic acid potentially reduce the need for blood products.
A recent systematic review demonstrated successful use of DDAVP during the first and second trimester in 51 pregnancies for prophylaxis prior to invasive procedures with no reported neonatal complications. 46 In 172 pregnancies with DDAVP use for postpartum haemorrhage (PPH) prevention, there were no thromboses reported, and bleeding was seen in five deliveries. Maternal side effects were generally mild, including facial flushing and headache. 46 
Postpartum

PPH prevention and management
Women with InBD are at significantly increased risk of both primary and secondary postpartum haemorrhage. 1, 2, 15, 28, 45, 47 InBD may increase the incidence and magnitude of bleeds caused by uterine atony, retained placenta and genital tract trauma. 1, 6 In one population-based study, vWD was shown to confer a higher risk of massive PPH (41.5 L; odds ratio: 3.3). 1 Case series suggest a significantly higher prevalence of perineal bleeding/haematoma: 1-6% vs. 0.2% in the normal population. 1, 15 Minimising the incidence of PPH involves maintaining factor levels within the normal range for 3-4 days after vaginal delivery and for seven days following caesarean section. 4 Physiological increases in endogenous factor levels will decline after three days post-delivery and return to normal within 7-21 days of delivery 1, 4 (Table 1) . Close monitoring and prophylaxis may be needed for several weeks in women with severe InBDs.
Active management of the third stage of labour including the use of uterotonics, controlled cord traction and fundal massage is essential to reduce the risk of PPH and genital and perineal haematoma. 48 The need for pharmacological thromboprophylaxis should be determined on a case-by-case basis. It may not be appropriate in the postpartum period in women with InBD. 8 However, pharmacological thromboprophylaxis should be considered in women with additional risk factors, taking into consideration baseline non-pregnancy levels and anticipated physiological changes immediately postpartum. 8 Persistent or severe PPH requires aggressive management. 52 Refractory uterine atony requires second line agents and haemodynamic instability should be promptly managed with crystalloid and blood products administered as necessary. Antifibrinolytics and coagulation factor replacement should be based on ongoing laboratory assessment of coagulation, guided by a haematologist. 6 PPH can be sudden, massive and catastrophic.
Contraception
There is no contraindication to specific contraceptive methods; however, hormonal agents such as the oral contraceptive pill have the advantage of reducing menstrual blood loss, suppressing ovulation, preventing haemorrhagic ovarian cysts and possibly elevating levels of factor VII and vWF. A hormone-releasing intrauterine device such as a levonorgestrel -releasing intrauterine system is favoured after pregnancy as it significantly reduces menstrual blood Approach to the neonate Management of the neonate is guided by the clinical condition, gestational age and mode of delivery. All neonates who may be affected by a severe InBD should have a careful physical examination to detect signs of bleeding and cranial ultrasound. 8 Cord blood sample should be collected from neonates at risk of moderate or severe InBD to assess coagulation status and clotting factor levels. 2 Intramuscular injections and surgical procedures should be avoided. Vitamin K should be given orally and routine immunisations given intradermally or subcutaneously. The interpretation of neonatal clotting factor levels correlates with gestational age, and therefore it may not be reliable to diagnose mild forms of InBD at birth. 2 Neonatal samples are frequently unsuitable for analysis due to difficulty with venepuncture, under-filling, haemolysis or partially clotted samples. A high haematocrit may interfere with diagnostic tests. 2 Newer assays, such as thrombelastography or thrombin generation, are under investigation but not part of current clinical practice. 49, 50 Specialist paediatricians should be involved early if the neonate is known to be severely affected by haemophilia. Factor levels should be repeated if equivocal. In mild to moderate nNBD, factor assays can be delayed until the child is older though some advocate testing to be performed within the first year of life, ideally prior to any invasive procedures and the onset of menarche.
Conclusion
Women with an InBD should be managed collaboratively and prospectively by a multidisciplinary team of experienced clinicians on an individualised basis). Management plans should be comprehensive and documented clearly in order to minimise maternal and neonatal complications. Women with mild to moderate InBD, such as type 1 vWD and haemophilia carriers with a female fetus, may have shared management between their local maternity unit and a tertiary referral unit. However, those who are affected by severe or rare disorders or those women carrying affected infants should be delivered in a tertiary centre with specialist services and an onsite laboratory.
